Cerebral white matter lesions (WMLs) are believed to play an important role in a subset of major depression (MD). We aimed to describe the impact of WMLs on white matter pathways in MD using diffusion tensor imaging (DTI) and magnetization transfer imaging. As a novel approach, we used DTI tractography to assess pathways intersected by WMLs. We examined 22 patients with late-onset MD and 22 age-and gendermatched controls. Parametric maps of fractional anisotropy (FA), apparent diffusion coefficient (ADC), and magnetization transfer ratio (MTR) were obtained to describe tissue integrity. The association between depression severity and the tract-specific localization of WMLs was analyzed on a voxel-by-voxel basis. We showed a significant positive association between depression severity and fiber tracts intersected by WMLs in the left superior longitudinal fasciculus and the right uncinate fasciculus. In both groups, WMLs had significantly lower FA and MTR, and higher ADC than both the tracts they intersected and the normalappearing white matter (NAWM). In turn, the tracts intersected by WMLs had significantly lower FA and higher ADC than the NAWM. In conclusion, depression severity correlates with the tract-specific localization of WMLs. WMLs have a pronounced effect on white matter integrity in the pathways they intersect.
Introduction
Imaging studies using T2-weighted magnetic resonance imaging (MRI) have reported an increased frequency of white matter hyperintensities, sometimes referred to as white matter lesions (WMLs), in major depression (MD), especially in late-onset and latelife MD (Herrmann et al., 2008; Videbech, 1997) . As stated in the vascular depression hypothesis (Alexopoulos et al., 1997; Krishnan et al., 1997; Krishnan and McDonald, 1995) , subcortical vascular changes may be an important contributor to WMLs, which in turn contribute to the pathogenesis in a subgroup of late-life MD by affecting moodregulating neuronal pathways, either by single, localized lesions or by an accumulation of lesions exceeding a certain threshold (Alexopoulos et al., 1997) . The presence of subcortical WMLs in late-life depression has been associated with cognitive impairment (Austin et al., 2001; Goodwin, 1997; Herrmann et al., 2007) , functional impairment (Steffens et al., 2002) , poor treatment outcome (Alexopoulos et al., 2002 (Alexopoulos et al., , 2008 Chen et al., 2006; Hickie et al., 1995 Hickie et al., , 1997 Iosifescu et al., 2006; O'Brien et al., 1998; Simpson et al., 1998; Steffens et al., 2001; Taylor et al., 2003b) , and a greater risk of subsequent dementia (Steffens et al., 2007) . Although reports in the depression literature have found the WMLs to be mainly located in fronto-striatal circuits (Greenwald et al., 1998; MacFall et al., 2001; O'Brien et al., 2006; Sheline et al., 2008; Taylor et al., 2003a; Videbech et al., 2004) , and in the basal ganglia (Videbech, 1997), the relation between lesion characteristics, their interference with specific white matter pathways, severity of symptoms, and disease remains largely unknown.
Recent advances in MRI technology, such as diffusion tensor imaging (DTI) and magnetization transfer imaging have facilitated the study of microstructural changes in neuropsychiatry. Magnetization transfer (MT) imaging is sensitive to water bound to macromolecules and has been demonstrated in post mortem studies to correlate with myelin content and axonal density (Chen et al., 2007; van Waesberghe et al., 1999) . The method, quantified by the magnetization transfer ratio (MTR), which is a compound index of the exchange between free and protein-bound water protons pools, is regarded as superior to conventional MRI with respect to the detection and quantification of subtle white matter changes, e.g. in multiple sclerosis (Tofts et al., 2003) . Studies using MT imaging in depression have revealed lower MTR in multiple white matter regions, including the fronto-striatal and limbic regions, and the genu and splenium of the corpus callosum (Gunning-Dixon et al., 2008; Kumar et al., 2004 
